The present article describes the recent status of research on anaerobes in Japan by reviewing publications from the last few years in the Japanese Journal of the Association for Anaerobic Infection Research. Most studies were categorized into clinical infection, susceptibility and resistance mechanisms, epidemiology and typing systems, and pathogenesis and virulence factors; clinical infection and susceptibility studies were the most common.
gilis group organisms have recently been increasing in both primary and postoperative infections [1] . Results from the most recent study year showed that B. fragilis group was isolated at 18% and 14% sites of primary infection and postoperative infection, respectively. The authors speculated that this increase may have been due to the recent technical advances in anaerobic culture.
Blood cultures performed at a geriatric hospital between 1973 and 1996 demonstrated that a total of 4229 strains were isolated and that 10%-15% of the isolates were anaerobes in the 1970s and 6%-9% in the 1990s, which indicates a decreased rate of isolation of anaerobes [2, 3] . Of 4229 strains, 363 were anaerobes, and B. fragilis was the species isolated most frequently, followed by C. perfringens. Although Propionibacterium spp. were frequently grown, these isolates seemed not to be clinically significant.
A novel data-mining technique demonstrated that the decreased rates of isolation of anaerobes from blood cultures of hospitalized patients with diarrhea in recent years may have resulted from the higher frequent use of probiotics [4] . In a study of bile specimens, 117 (47.6%) of 246 were culture positive [5] , with 84.9% of the 245 isolates being aerobes and 14.3% anaerobes. Two strains of fungi were also isolated. The most prevalent anaerobe was C. perfringens, whereas streptococci were the most common aerobes, followed by Klebsiella pneumoniae and Escherichia coli.
Anaerobes were recovered from 11 (31.4%) of 35 liver abscesses; fusobacteria were the most prevalent species [6] . The results were consistent with studies published elsewhere, confirming the importance of fusobacteria in liver abscess [7] .
In a study of empyema, anaerobes alone were isolated from 9 (34.6%) of 26 adult patients [8] . These included Prevotella melaninogenica, Prevotella intermedia, Micromonas (Peptostreptococcus) micros, Fusobacterium nu-cleatum, and Bacteroides uniformis. Many of these patients had dental disease as well.
In a study of the bacteriology of closed dental abscess, Actinomyces spp. were recovered from 21 (11.3%) of 186 patients [9] . Twenty-one (2.2%) of 962 isolates recovered were Actinomyces spp. The most common species was Actinomyces israelii (6 isolates).
A study of ocular infections was performed between 1995 and 1998 [10] . Ninety-four patient cultures were positive for anaerobes, and 40 (42.6%) of these were positive for anaerobes alone. Seventy-eight (83.0%) of patients had underlying diseases. Of 109 isolates recovered from these patients, 90 (82.6%) were propionibacteria.
Type E botulinum toxin-producing Clostridium butyricum was isolated from a paste of fermented soybeans and wax gourds implicated in an outbreak of foodborne botulism in China [11] . In that outbreak, 6 patients were involved, and 3 died. None of 43 lipase-positive and 9 lecithinase-positive strains produced botulinum toxin when examined by use of a mouse toxicity test. Only 2 of 5 lipase-and lecithinase-negative strains isolated were botulinum-neurotoxin producers and were identified as C. butyricum by conventional biochemical tests. C. butyricum that produces type E botulinum neurotoxin has been reported to be a causative organism of infant botulism, but foodborne botulism had not been reported elsewhere.
In recent years, it has been found that there are Clostridium difficilie strains that produce toxin B but not toxin A, as based on enzymatic assay. We examined a total of 353 strains of C. difficile that were isolated in various hospitals in Japan for the presence of the silent toxin A gene and the toxin B gene being expressed, using a PCR method that we had established in a previous study. The results showed that 23 (6.5%) strains were toxin A-negative and toxin B-positive [12] .
SUSCEPTIBILITY AND RESISTANCE MECHANISMS
Until recent years, Japanese researchers have not focused much on b-lactamase-producing Prevotella strains. A study noted that 190% of Prevotella bivia and P. melaninogenica strains produced detectable b-lactamase, and 63% of P. intermedia were positive for b-lactamase, although none of the Porphyromonas strains studied produced b-lactamase [13] . That study showed rather higher production rates of b-lactamase by Prevotella spp. Other studies have demonstrated that 50%-70% of Prevotella spp. were b-lactamase producers [14, 15] and that 8% of Porphyromonas spp. strains tested produced b-lactamase [14] .
The substrate profiles of b-lactamases produced by 2 strains of P. bivia and 21 strains of other Prevotella spp. were investigated by comparison of hydrolysis rates of antimicrobials with that of cephaloridine [16] . b-lactamase produced by Prevotella, including P. bivia, were not uniform. Of interest, penicillin G was not the preferred substrate for b-lactamases of Prevotella spp., by which cefmetazole and imipenem were not hydrolyzed at all.
b-lactamase-producing P. melaninogenica (53 strains) and P. bivia (11 strains) were not susceptible to ampicillin, and the MIC 50 and MIC 90 of sulbactam-ampicillin for these b-lactamase producers were higher than those of b-lactamase nonproducers of these species (P. melaninogenica, 21 strains, and P. bivia, 7 strains) [17] . Although the percentage resistance of these strains was not shown in the study, the MIC 90 s of these b-lactamase-producing strains were below the break point of sulbactam-ampicillin according the criteria of the National Committee for Clinical Laboratory Standards [18] . Another study demonstrated that all b-lactamase-producing strains of Prevotella and Porphyromonas spp. tested were susceptible to sulbactam-ampicillin [14] . Imipenem had potent activity against these b-lactamase producers of Prevotella and Porphyromonas spp. [14, 17] .
In another study, B. fragilis strains were found to be resistant to piperacillin, and half were resistant to clindamycin [19] . Imipenem was very active against B. fragilis strains, although imipenem-resistant strains were reported in 2%-4% of the strains tested in a previous study [20] . These resistance rates have not changed according to a recent study (unpublished data).
EPIDEMIOLOGY AND TYPING SYSTEM
An easy-to-perform typing system for P. intermedia and Prevotella nigrescens that can cause periodontal disease was established by means of a 2-step typing method that consisted of PCR ribotyping for grouping followed by arbitrarily primed PCR typing for subgrouping of strains [21] . This 2-step typing system had a very high discriminatory power of 10.9 and allowed the detection of these organisms among family members with substantial personal diseases.
The possible clonal spread of a toxin A-and toxin B-positive C. difficile strain in Japan and the United States was studied by use of 3 typing systems, which included PCR ribotyping, pulsed-field gel electrophoresis (PFGE) typing, and immunoblotting [22] . A C. difficile strain that typed PCR ribotype smz, nontypeable by PFGE because of DNA degradation, and JP-0 by immunoblotting was predominant in 3 geographically dispersed hospitals in Japan, whereas a strain PCR ribotype gr, PFGE nontypeable, and immunoblotting type G-1 was predominant in a hospital in United States. These results suggest that the predominant C. difficile strain in both Japanese and US hospitals was not typeable by PFGE and that it was likely that there was a clonal spread in Japan but not between Japan and the United States, although a more large-scale study may be necessary.
PATHOGENESIS AND VIRULENCE FACTORS
A study was conducted to demonstrate the capability of periodontopathic anaerobes, such as Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, and Treponema denticola, to induce and produce inflammatory cytokines by use of a mouse lung-infection model (R. Kimizuka et al., 31st Meeting of the Japanese Association of Anaerobic Infection Research, 2001 ; no English title is available). Bronchoalveolar lavage fluids samples obtained at 24, 48 , and 72 h after challenge with bacteria were found to contain detectable TNF-a, IL-1b, and IL-6; high levels of these cytokines were detected in mice that were infected by P. gingivalis and T. denticola concomitantly.
Bacteriologic and immunologic approaches were performed to investigate whether P. acnes may contribute to the granuloma formation in the lymph nodes in patients with sarcoidosis, because P. acnes was the only bacterium isolated from such lesions [23] . Insoluble immune complexes of IgA, IgM, or both were found in 21 (42%) of 50 paraffin sections of the sarcoid lymph nodes. Hamazaki-Wesenberg bodies that were intensely stained by immunostaining with an antibody to N-acetil-muramyl-L-alanyl-D-isoglutamine, a component of bacterial cell wall, were demonstrated in 29 (58%) of 50 specimens. Bacterial components that reacted with SG5 monoclonal antibody, which shows a nearly characteristic reaction to the sarcoid granulomatous lesions [22] , were demonstrated inside sarcoid granulomas in all 23 specimens tested. These results may support the aforementioned hypothesis.
Enterotoxigenic B. fragilis (ETBF) is a newly recognized enteropathogen that may cause diarrhea, especially in young children. ETBF strains produce B. fragilis toxin (BFT). Recent molecular biological studies have demonstrated, on the basis of DNA sequences or deduced amino acid sequences, that there are 3 subtypes. BFT-2 and BFT-3 are more closely related to each other than to BFT-1 [24] . The results of stool culture of humans and cows and culture of specimens of extraintestinal infections have demonstrated that prevalence rates of each subtype of the bft-1, -2, and -3 in 19 ETBF strains isolated from children with antibiotic-unassociated diarrhea (bft-1, 63.2%; bft-2, 26.3%; and bft-3, 10.5%, respectively) and 61 ETBF strains from extraintestinal infections (bft-1, 68.9%; bft-2, 18.0%; and bft-3, 13.1%, respectively) were very similar [25] . In addition, subtype bft-2 with, an isolation rate of 50.0%, was predominant in 16 ETBF strains from cows [25] . The results of this study need to be assessed by studies of a larger number of subjects.
